A high molecular weight serine protease has been purified to electrophoretic homogeneity from the seeds of Caesalpinia bonducella Flem. (Caesalpiniaceae) by the combination of size exclusion and ion exchange chromatography. About 524 fold purification was achieved with an overall recovery of 6.8%. The specific activity was found to be 86 U/mg/min at pH 8.0. The calculated K m and V max were 1.66 mg/mL and 496.68 units/min per mg of protein, respectively. The molecular mass was estimated to be about 63 kDa by sodium dodecyl sulfate PAGE. The enzyme showed optimum activity at pH 8.0 and exhibited its highest activity at 40 o C. The enzyme was strongly inhibited by 2mM phenylmethylsulfonyl fluoride (PMSF), suggesting the presence of a serine residue at the active site. PMSF showed a pure competitive type of inhibition with the serine protease enzyme. It was observed that enzyme activity was enhanced in the presence of dications and was active against a variety of modified substrates and natural proteins.
Proteolytic enzymes that hydrolyze peptide linkages are ubiquitous in nature, have found extensive use in various aspects of food processing [1a,1b] and play significant roles in numerous cellular and extra cellular processes such as regulation of the cell cycle, cell growth, antigen processing and angiogenesis [1c] . It is becoming apparent that the aberrant functioning of certain proteases may be involved in several disease states, including Alzheimer's disease, cancer metastasis and in inflammation [1d] . In addition to the biological role played by digestive enzymes, such as trypsin, serine proteases also function broadly as regulators through the proteolytic activation of precursor proteins [2a,2b] . Examples of this regulation include the processing of trypsinogen by enteropeptidase to produce active trypsin [2c] , and the cascades of prothrombin activation to thrombin that control blood clotting [2d] .
Plant serine proteases are involved in many physiological processes such as microsporogensis, protein degradation, signal transduction, differentiation and in hypersensitive responses [3a] . As part of our ongoing investigations of enzymes, we here present the purification and biochemical characterization of serine protease from the seeds of Caesalpinia bonducella Flem. (Caesalpiniaceae). In the present study, we have partially purified and characterized an alkaline serine protease from seeds of C. bonducella by ammonium sulfate precipitation, gel filtration and ion exchange chromatography. The crude extract was fractionated by the addition of ammonium sulfate; the 30% ammonium sulfate precipitate contained high molecular mass proteins and the 70% ammonium sulfate precipitates low molecular mass proteins. The precipitated proteins were re-dissolved in 50 mM Tris-HCl buffer, pH 8.5. The 70% ammonium sulfate precipitate was fractionated by Sephadex G-75, the protease activity being traced spectrophotometrically to Sephadex G-75 fractions using 1% casein as substrate. The active fractions of G-75 were further fractionated by diethylaminoethyl (DEAE)-Sepharose CL-6B. The major purification steps for purification of high molecular weight alkaline serine protease from Caesalpinia bonducella are summarized in Table 1 . About 500 fold purification was achieved with an overall recovery of 7% and a specific activity of 86 U/mg/min at pH 8.0. The bound fraction eluted after initial gradient concentration (50-100 mM) contained a protease when analyzed by activity gel electrophoresis (zymography) and agar plate assay (Figures 2a & c) . The partially purified enzyme migrated as a single band in both reducing and non reducing conditions. The molecular mass of the enzyme was estimated to be about 63 kDa by sodium dodecyl sulfate (SDS)polyacrylamide gel electrophoresis (PAGE), as shown in Figure 2b . The molecular weight of the serine protease from C. bonducella, is similar to that of the serine protease Hevain l, isolated from latex of Hevea brasiliensis [3b] . The molecular weights of other latex proteases from Euphorbia species range from 60 to 80 kDa [3c]. Molecular weights of cucumisin, the plant alkaline serine proteases, isolated from Cucumis melo Linn. and related species range from 60 to 70 kDa [4a] . The plant serine proteases known at present vary from 19 to 110 kDa [3a] . The enzyme showed maximal activity at pH 8.0, which is similar to latex proteases from Euphorbia species [3c]. In contrast, cucumisinlike proteases possess an optimum pH in the range 8-10 [4b]. Most of the plant serine proteases show optimum pH ranges from 7-11 [3a] . The optimum temperature of C. bonducella protease was found to be 40ºC, relatively similar to that isolated from Neurospora crassa [4c].
The optimum temperature for plant serine proteases is variable, from 30ºC to 80ºC, but most usually act best in the range 20ºC to 50ºC [3a] . Table 2 shows the effect of various protease inhibitors and metal ions on the activity of C. bonducella protease. The protease inhibition profile showed that the enzyme activity was 90% inhibited by 2mM phenylmethylsulfonyl fluoride (PMSF), similar to the serine protease isolated from Alcaligenes faecalis [4d], while metalloprotease inhibitors, such as ethylene diaminetetraacetic acid (EDTA), and the cysteine protease inhibitor iodoacetamide had no significant effect on enzyme activity. The results clearly indicate that the enzyme is a serine protease having a serine residue in its active site. These results indicated that the enzyme activity was enhanced in the presence of divalent cations, such as Cu ++ , Ca ++ and Mg ++ , whereas the activity of the protease was decreased in the presence of Zn ++ (Table  2 ). These results are relatively similar to those obtained with the alkaline protease isolated from sea cucumber [4e], while the activity of the protease from Norway lobster was enhanced by Zn ++ [4f]. Na + had no effect on protease activity, while a slight change was observed in the presence of K + and Co ++ . The calculated K m and V max were 1.66 mg/mL and 496.68 units/min per mg of protein, respectively, using casein as the substrate. The substrate specificity of C. bonducella protease showed that it was active on a variety of modified substrates (azoalbumin and azocasein) and natural proteins [bovine serum albumin (BSA), casein and gelatin], as Serine proteas from Caesalpinia bonducella Natural Product Communications Vol. 5 (6) 2010 933 Table 3 . C. bonducella protease exhibited the highest activity towards azoalbumin. The enzyme also hydrolyzes fibrous proteins like gelatin. Determination of the inhibition type is critical for the identification of the mechanism of inhibition and the site of inhibitor binding. The Lineweaver-Burk plot indicates a pure competitive type of inhibition for PMSF against serine protease enzyme (K m increases with an increase in PMSF concentration while V max remains constant using N-succinyl-phenylalanine-p-nitroanilide as substrate). 
Purification of enzyme:
The ground seeds of C. bonducella were defatted with 4 volumes of chilled acetone (-20ºC) . Dry seed powder (100 g) was suspended in 100 mL of 50 mM Tris-HCl buffer, pH 8.5, containing 0.01% sodium azide, and gently stirred for about 15 h at 4 o C. The mixture was filtered and the filtrate centrifuged at 10,000 х g for 15 min at 4 o C. The pellet was removed and the supernatant was collected as the starting material for the purification of enzyme. The precipitate obtained after 70% ammonium sulfate saturation was dissolved in 50 mM Tris-Hcl buffer, pH 8.5, containing the same additive. The enzyme solution was placed on a Sephadex G-75 gel filtration column (2.5 cm x 110 cm), previously equilibrated, and eluted with 50 mM Tris-HCl buffer, pH 8.5, at a flow rate of 20 mL/h; 5 mL fractions were collected. The protein content was monitored at 280 nm. The most active fractions from the Sephadex G-75 column were pooled, concentrated in a rotary evaporator, and dialyzed against 50 mM tris-HCl buffer, pH 8.5. The proteolytically-active fractions were subjected to separation on DEAE Sepharose Cl-6B (2.5 cm x 24 cm), equilibrated with 50 mM Tris-HCl buffer, pH 8.5. The bound proteins were eluted with 500 mL of a salt gradient of 0-0.5 M NaCl in the same buffer at a flow rate of 20 mL/h.
Electrophoresis and Protein estimation: SDS-PAGE
was performed by the method of Laemmli. [5] in 10% and 12% polyacrylamide gel in the presence of SDS and 2-mercaptoethanol (SDS-PAGE). The protein bands in the gels were stained with Comassie brilliant blue R-250 and further detected by the silver staining method. Protein concentration was estimated according to the method of Bradford [6a] .
Protease activity detection by zymography:
Gelatin zymography was performed in a polyacrylamide slab gel containing SDS and gelatin (1%) as co-polymerized substrate [6b]. After electrophoresis the gel was washed in Triton X-100 (2.5%), 3 times, each for 20 min, with 10 times the volume of the gel to remove the SDS, followed by incubation in 50 mM Tris-HCl buffer, pH 8.0, containing 0.1 M NaCl and 1 mM CaCl 2 for 5 h at 37ºC, and then stained with Comassie brilliant blue R-250. The activity band was observed as a clear colorless area depleted of gelatin in the gel against the blue background. the amount of enzyme required to increase absorbance by 0.001/min. The specific activity was expressed as U/mg of protein.
Protease activity by agar plate method:
The protease activity was also determined by using an agar plate assay having 20 mM Tris-HCl buffer, pH 7.6, containing 2 mM CaCl 2 and 0.5% casein. The crude extract, 70% ammonium sulfate precipitate, the peaks from Sephadex G-75 and the bound peak from DEAE-Sepharose Cl-6B were applied to the casein agar plate. After 20 h incubation, the casein was precipitated by the addition of saturated ammonium sulfate solution. The compounds present in the peaks eluted from Sephadex G-75 and DEAE-Sepharose Cl-6B digested the casein in agar medium and showed clear zone after ammonium sulfate precipitation.
Effect of temperature, pH, protease inhibitors and metal ions on enzyme activity:
The optimum temperature was determined over the range 0-70ºC at intervals of 10ºC, and the optimum pH was determined in 50 mM sodium acetate (pH 4.5-5.5), 50 mM sodium phosphate (pH 6-7), and 50 mM Tris-HCl (pH 7.5-9), as described in the above enzyme assay. The effect of inhibitors and metal ions on the activity of the enzyme was determined at various concentrations ranging from 0.5-5 mM .The enzyme was pre-incubated at 37ºC for 10 min with various inhibitors and metal ions. This was followed by addition of 1% casein and 50 mM Tris HCl buffer, pH 8.0, as described in the enzyme assay.
Km determination:
The activity of the enzyme was estimated by using different substrate concentrations, under the above mentioned conditions, and the activity was plotted as a function of substrate concentration to arrive at the values of k m and V max using the Lineweaver-Burk plot.
Serine protease inhibition assay: PMSF inhibitory action on the C. bonducella serine protease was performed by the method of Cannel et al.
[6d]. Enzyme (9 units/mL in 50 mM Tris-HCl buffer, pH 7.6; Chymotrypsin Sigma Chemical Co. USA) was preincubated with the PMSF for 20 min at 25 0 C. Substrate solution (100 µL of N-succinyl-phenylalanine-pnitroanilide, 0.01-0.06 mM of 50 mM Tris-HCl buffer, pH 7.6) was added to start the enzyme reaction. The absorbance of released p-nitroaniline was continuously monitored at 410 nm until a significant color change had been achieved.
